The first 100 brightest eclipsing systems from the Small Magellanic Cloud (SMC) were studied for their period changes. The photometric data from the surveys OGLE-II, OGLE-III, OGLE-IV, and MACHO were combined with our new CCD observations obtained using the Danish 1.54-meter telescope (La Silla, Chile). Besides the period changes also the light curves were analysed using the program PHOEBE, which provided the physical parameters of both eclipsing components. For fourteen of these systems the additional bodies were found, having the orbital periods from 2 to 20 years and the eccentricities were found to be up to 0.9. Among the sample of studied 100 brightest systems we discussed the number of systems with particular period changes. About 10% of these stars show eccentric orbit, about the same number have third bodies and about the same show the asymmetric light curves.
INTRODUCTION
The classical eclipsing binaries still play a crucial role in modern astrophysics. We can study the eclipsing binary (hereafter EB) light curve, and model its shape, revealing the physical parameters of both eclipsing components as well as their mutual orbit (see e.g. Kallrath & Milone 2009) . It is still the most precise method to derive the individual masses, radii, and luminosities of components (see e.g. Southworth 2012) .
The same apply also for the role of the EBs outside of our Milky Way Galaxy, however obtaining good observations is much more tricky and time-consuming due to their low brightness. Hence, we usually deal with a lack of data for analysis. This aspect has changed rapidly during the last two decades thanks to the large photometric surveys like OGLE and MACHO. Owing to the long-lasting photometric monitoring of the Magellanic Clouds (OGLE II, III and IV cover 16 seasons), almost 50000 EBs are known outside our Galaxy (Pawlak et al. 2016) , and many of them are interesting enough for further more detailed analysis. Hence, here comes our contribution to the topic.
As a well-known fact, the Magellanic Clouds have slightly different metallicity than our Milky Way Galaxy (see e.g. Westerlund 1997 , or Davies et al. 2015 . Therefore, we ⋆ Based on data collected with the Danish 1.54-m telescope at the ESO La Silla Observatory. † E-mail: zasche@sirrah.troja.mff.cuni.cz can study whether this effect plays a role in eclipsing binary research, whether it is traceable in the models, or whether our data are sufficiently precise to distinguish between models with different metallicities. We can also study the stellar multiplicity in general -Is the frequency of multiple systems the same in Magellanic Clouds as in our own Galaxy? Borkovits et al. (2016) show quite recently that of about 1/12 of all eclipsing binaries observed by the Kepler space telescope probably contain additional components that can be detected only via eclipse timing variations. Is this number roughly the same in other stellar sample, even outside Milky Way?
THE SYSTEM SELECTION
Continuing our similar study of period changes in eight eclipsing binaries located in LMC (Zasche et al. 2016) , we now moved our attention to the SMC galaxy and another approach. Due to the well-known fact that the probability of detecting another third component in eclipsing binary strongly depends on the primary mass (see e.g. Duchêne & Kraus 2013) , we focused on the most massive stars (hence also the most luminous ones from the OGLE survey). Therefore, we took the first one hundred brightest targets in the OGLE III survey from the SMC galaxy (more precisely: in the I filter) and performed the analysis of its period changes. Additionally, some targets were also added to this sample as by-chance discoveries in some of our monitored fields.
The selection criterion based on the data quality was as follows. We have chosen only such systems, which have the depths of their minima deeper than the scatter of the light curve itself
Another selection criterion was the data coverage. Because we focused on periodic variations in the O − C diagrams, we decided to include in our study those systems, which have at least one period of the variation already covered (either with the survey data or our own observations).
THE ANALYSIS
The method was the same as in our previous paper (Zasche et al. 2016) , which means that the whole time interval was divided into several seasons and the light curve template from the PHOEBE (see below) fit was used for deriving the individual times of minima. If there was some obvious change of its orbital period, then the system was classified as a suspicious and analysed in more detail. This means that also the other available photometry was collected, mostly the Macho (Faccioli et al. 2007 ), OGLE II (Wyrzykowski et al. 2004) , and OGLE III (Pawlak et al. 2013) , and OGLE IV (Pawlak et al. 2016 ) databases. Moreover, for some of the systems we also collected some new data using the Danish 1.54-meter telescope located at the La Silla Observatory in Chile. The data mining from all these data sources together with our new photometry led to the selection of fourteen interesting systems showing periodic modulation of their orbital periods.
The light curve (hereafter LC) analysis was carried out using the program PHOEBE (Prša & Zwitter 2005) , based on the Wilson-Devinney algorithm (Wilson & Devinney 1971) and its later modifications. We used the OGLE III data for the light curve modelling, because these are typically of the best quality, obtained over the longer time span and the phase light curves are well-covered.
The PHOEBE code enables us to construct the theoretical LC, which is later used as a template to derive the times of eclipses. Hence, our LC fit needs to be as precise as possible. For all of our fourteen system we found that their orbits are circular, hence the eccentricity was fixed at zero. For the starting ephemerides, we used the same ones as published by Pawlak et al. (2013) in their catalogue and later modified according to the period changes. The primary temperatures were derived from the published photometric indices by Massey (2002) , and Zaritsky et al. (2002) . For only a few systems their spectral types or primary temperatures were published, then we used these values, of course. See Table 1 for more information about the individual systems in our sample.
Therefore, the set of the fitted quantities was the following: The temperature of the secondary component T2, the inclination angle i, the Kopal's modified potentials Ωi, and the luminosities of the components Li. Having no information about the radial velocities, the mass ratio can only hardly be derived (see e.g. Terrell & Wilson 2005 ), hence we fixed it to q = 1.0. The limb darkening coefficients were interpolated from the van HammeŠs tables (van Hamme 1993) , and the synchronicity parameters (Fi) were also kept fixed at values of Fi = 1. Because we deal with very hot stars here, we also fixed the albedo coefficients Ai at a value 1.0, as well as the gravity darkening coefficients gi = 1.0.
For studying the apparent variations of the orbital period in these binaries, we used a well-known "Light-Travel Time Effect" (or LTTE) hypothesis (Irwin 1959) . It is based on the assumption that the two eclipsing stars are being accompanied by some hidden distant component, orbiting around the common barycenter with the eclipsing pair. Hence, we deal with a classical hierarchical system. As the pair moves around a common center of mass, the eclipses of the binary occur earlier or later depending on the current position of the stars with respect to the observer. For some discussion and limitations of this method see for instance Mayer (1990) . A similar method was used quite recently for discovering several dozens of new triple systems in the Kepler field, see Borkovits et al. (2016) or Gies et al. (2015) . As far as we know, there was no other study analysing the period changes via LTTE located in the SMC published until yet, only the paper studying the 90 systems with apsidal motion by Hong et al. (2016) .
The times of minima for the analysed systems were derived using the AFP method presented in Zasche et al. (2014) . This method uses the LC template as derived from the PHOEBE and shifts the template in both x and y axes together with the phased light curve in the particular dataset to achieve the best fit. These datasets were constructed according to the quality and density of the data (for the OGLE this usually means one dataset per one year of observations, but for short-periodic variables more fine division into datasets was used). Using the MACHO, OGLE and our new data we obtained minima times spanning over many years. Hence, detecting the orbital periods of the order of a few years to a decade was possible.
The whole fitting process was performed in several steps. At first the ephemerides from Pawlak et al. (2013) were used and the preliminary solution was found in PHOEBE (using typically one season of OGLE data with the best coverage). With this light curve template the AFP method produced some preliminary minima times and we were able to see whether the system was suitable for a further analysis or not. The second step was the O −C analysis, refining the orbital period which was then used in PHOEBE for a more detailed modelling of the light curve. With the final light curve template the final times of minima were derived and the O − C analysis was performed. Different kinds of modulations of the orbital period can be studied in this way, but we focused only on the periodic modulation. Sometimes our approach only led to improvement of the linear ephemerides and no variation was found. Sometimes, some other phenomena were found, but such systems are not of our interest and these systems are only briefly summarized below in Section 5.
However, at this place we have to emphasize that the solutions presented are only mathematical ones, and especially the errors (e.g. from PHOEBE) can sometimes be rather underestimated. More discussion about the conclusiveness of the fits are given below in Section 6. 
INDIVIDUAL SYSTEMS
For all of the tables and pictures below we decided to use an abbreviation of the long OGLE III names. Therefore, instead of, for instance, OGLE-SMC-ECL-0850, we use only the #0850 for a better clarity.
Because the method of analysis is the same for all of the studied systems and the results are sometimes similar, we focus only on the most interesting ones in our sample and discuss them in more detail in the following subsections. The results are summarized in Tables 1, 2 , and 3, while the final plots are given in Figures 1, and 2 .
OGLE-SMC-ECL-1403
The system OGLE-SMC-ECL-1403 was found to be the detached one, with both rather hot components. Quite surprising was high mass function of the predicted third body f (m3), which resulted from rather short period p3. However, even such solution is plausible, because also very high level of the third light in the LC solution L3 was found.
OGLE-SMC-ECL-2036
A similar situation is also for the system OGLE-SMC-ECL-2036, where a high value of the mass function f (m3) is substantiated by the very high level of the third light from the LC solution. The obvious high scatter of the LC is caused by difficult reduction due to the close bright stars.
OGLE-SMC-ECL-2119
The system OGLE-SMC-ECL-2119 is one of a few already analysed and published systems. Hilditch et al. (2005) collected besides the photometry also 17 spectra, and the analysis yielded that both eclipsing components are of O9 spectral type, with the mass ratio of 1.086. This value was also kept fixed during our LC fitting, together with the fixed T1 temperature. There resulted that the third light is significant, but not dominant (the previous study was not taking the L3 contribution as a free parameter). Our solution of the period changes resulted in a consistent figure with a significant third body on a 5-yr orbit.
OGLE-SMC-ECL-2272
This was the only system in our sample, which shows a small asymmetry of its LC, where primary and secondary minima appear slightly shifted from their positions in 0.0 and 0.5 in phase. In detached configuration this usually means that the system is eccentric, however here we deal with a semidetached configuration, hence this explanation is odd. As was shown elsewhere (e.g. Zasche 2011) the asymmetric light curves sometimes mimic the false eccentricity also in contact binaries. Hence, we shifted both primary and secondary minima to one common ephemerides and performed the period analysis. This approach is justified due to the fact that both primary and secondary minima behave in the same way and the periodic modulation with the period of about 7.6 yr is clearly seen in both of them.
OGLE-SMC-ECL-3910
Another case where at least some information can be found in the already published papers, see Massey et al. (2012) . The authors provided information about the spectral types of the components to be of O5+O7 with a very important remark that there are some triple lines visible in the spectra, which are also shifting. Hence, our analysis of the LC together with the period changes clearly confirms their finding.
OGLE-SMC-ECL-3968
The system with the shortest detected period of the LTTE of about 2 years, and also with the second shortest period of the inner eclipsing pair.
OGLE-SMC-ECL-4013
In this case there was quite problematic calibration of the temperature T1 due to the ill-defined value of the photometric index (B − V )0. Therefore, we simply fixed the T1 to 10000 K.
OGLE-SMC-ECL-4024
The system OGLE-SMC-ECL-4024 was found to exhibit double periodic modulation in its O − C diagram. Hence, we used the LTTE hypothesis two times for a detailed description of the minima times observations. The results are plotted in Fig. 2 , where both modulations are clearly visible. Pure LTTE combined with the quadratic ephemerides are not able to describe the data in detail. Parameters of both LTTE variations are given on separate lines in Table  3 . Such systems were seldom discovered in our Galaxy, but this is the first time any such system is being detected outside of Galaxy.
OGLE-SMC-ECL-4690
The last system in our set of stars also seems to be slightly asymmetric, a similar situation as for #2272. But here we ignored this asymmetry, which yielded to the O − C diagram in Fig. 2 , where the primary and secondary minima are slightly shifted, but both follow similar period variation.
A LITTLE STATISTICS
We have manually checked the first one hundred brightest eclipsing binaries from the OGLE III catalogue located in the SMC or its vicinity. These brightest stars have the largest probability to contain the third components (see e.g. Duchêne & Kraus 2013 ). Hence, we tested the hypothesis of period changes and selected the most pronounced examples of periodic modulation of the orbital periods. Moreover, for some other systems also the other phenomena were detected. These findings are summarized below in Fig. 3 .
Among these one hundred stars we have found 11 systems showing LTTE modulation (see the previous Section), twelve systems with obviously eccentric LC, and 10 systems Table 2 . Light curve parameters for the analysed systems, the results from PHOEBE. Table 3 . The parameters of the third-body orbits for the individual systems. with obviously asymmetric LC shape. One system was classified as a mass-transfer system due to the rapid quadratic ephemerides (OGLE-SMC-ECL-1232), however it is not sure whether such a behaviour is not only a very long-term periodic variation. The rest of the stars show either no variation of their orbital periods or their modulations were still questionable and more data are needed for a final confirmation. 
RESULTS AND DISCUSSION
The methods for analysing eclipsing binary are nowadays classical and used almost routinely. However, any such kind of analysis can still bring new and surprising results, especially when applying to some new group of targets. And this can be the case also for this study, which presents the first analysis of the period changes of binaries located in the SMC galaxy.
The classical hypothesis of the light-travel time effect was applied to the 14 selected eclipsing systems from the SMC and we found out that there are probably the third components with rather short orbital periods of couple of years. Moreover, one system was also classified as a candidate for a quadruple. Our focus on the bright (i.e. massive) stars was justified due to the strong correlation between the multiplicity and the masses, as discovered via a study of galactical populations (see e.g. Raghavan et al. 2010) . However, at this point it is necessary to emphasize that it is not clear whether all of these stars belong to the SMC galaxy or is it just a coincidence that they lie in the same direction and are members of the Milky Way (however, it is very unlikely because all of them have the distance moduli >10 mag).
The presented analysis showed that the predicted third bodies found via the period changes have rather high masses in general, but this is due to the fact that also the eclipsing binary components are massive ones. Another effect which can also play a role is a fact that only a modulation with higher amplitudes are being detected in the data we were using from various databases. We deal here with the stars of the highest luminosity, the highest mass and of the earliest spectral type in the SMC, hence also the third bodies should be massive. This finding was supported by the fact that also large fractions of the third light were usually detected in the light curve solutions and these two numbers well coincide with each other for most of the systems in our sample.
Obviously, we can ask whether in galaxies like SMC is e.g. the multiplicity fraction the same as derived in our Milky Way. Certainly, there arises several selection effects of our method and also some limitations of the available data. First of all, we have only very limited data coverage, of about 20 years in maximum. Hence, also our estimated periods of the third bodies should be of several years to two decades. Shorter orbital periods are rather hard to detect in the available data. From different investigations (e.g. Duquennoy & Mayor 1991 , Tokovinin 2008 , or Raghavan et al. 2010 there arises that the period distribution of the outer orbits tend to have its maximum even at longer periods. Therefore, we are able to detect here only a small fraction of the true triple systems (tip of the iceberg). Another selection effect should arise from the fact that our method prefers more massive tertiary components (causing larger LTTE amplitudes), while the less massive probably remain undetected. Nevertheless, we can still summarize that our derived multiplicity fraction of about 10% is very similar to that one found by Borkovits et al. (2016) for the galactic population located in the Kepler field. The mass distribution of the two samples is very different (hence also its multiplicity), but with the super precise Kepler data one is able to detect also such triples, which would easily be missed by this method in our sample.
Another finding resulted from our study is the fact that the gravity perturbing effects of the third bodies on the eclipsing binary orbits are generally only very weak. Besides the classical LTTE effect and its dynamical analogy for much closer systems (Borkovits et al. 2016) , also the longerperiod effects should be present in the three-body system. This is for example the precession of both orbits due to the third body. Most pronounced is typically the change of inclination of the inner eclipsing pair. We are aware of the fact that such systems (called transient eclipsing binaries) exist even in the OGLE database, see e.g. Graczyk et al. (2011) with 17 such systems located in LMC, or new study by (Juryšek 2017 ) with a few dozens of such systems. However, the problem is that this effect depends on the period ratio P 2 3 /P (Söderhjelm 1975) , see the last column in Table  3 , where one can see that this effect is only very slow to hope finding any evidence for that in upcoming years in our systems. Also the interferometry is out of the game, therefore only the spectroscopy can be used as an independent method for finding the additional bodies in the selected systems.
CONCLUSION
A set of fourteen luminous eclipsing binaries in SMC were analysed resulting in a third-body hypothesis. Some dedicated observation of these systems would be very welcome. This especially applies for the interesting quadruple system OGLE-SMC-ECL-4024, or the systems with very short period p3 and high level of the third light (like #1403, #2036, or #2639).
